ABSTRACT: This study investigated the movement, spatial usage and activity patterns of the arrow squid Nototodarus gouldi (Cephalopoda: Ommastrephidae) using an automated acoustic telemetry system. Sixty-four automated acoustic receivers were aligned as underwater 'curtains' across the entrances to bays and inlets around Storm Bay, southeastern Tasmania. N. gouldi were tagged with small uniquely coded transmitters and released. Twelve tagged squid were detected for up to 37 d over an area of more than 300 km 2 . Tagged squid moved widely between Storm Bay and the Derwent River, but none were detected moving into the adjoining bays or the D'Entrecasteaux Channel. Tagged squid appeared to move out of Storm Bay throughout the study period, suggesting a highly dynamic population. There was evidence of a relationship between level of activity and photoperiod, with visits to receivers being longer and more variable in duration in the night compared to the daytime. Schooling or group movement was not observed. Rates of movement between non-adjacent receivers varied widely with those over distances of 10 km or more, ranging from 0.09 to 0.52 mantle lengths per second (ML s -1 ), and 1 instance of an average speed of 3.6 ML s -1 over 9.3 km.
INTRODUCTION
The arrow squid Nototodarus gouldi (Cephalopoda: Ommastrephidae) is widespread across southern Australia and in northern New Zealand. Recent biological studies have shown that, in Australian waters, N. gouldi are genetically well-mixed (Triantafillos et al. 2004) , live for less than 1 yr and are multiple spawners, with hatching occurring year-round (McGrath & Jackson 2002 , Jackson et al. 2003 . The species is a valuable by-catch of shelf and slope trawl fisheries and is the exclusive target of Australia's largest squid jig fishery, which occurs seasonally in waters off Victoria (Winstanley et al. 1983 , Lynch 2004 . There is also a sporadic jig fishery in inshore Tasmanian waters during the summer months, concentrated primarily off the southeast coast. Samples from this fishery have shown that female N. gouldi are mostly immature when they first move into coastal waters, but mature progressively throughout the Tasmanian summer (Willcox et al. 2001) . The inshore movement in southeastern Tasmania is most likely related to feeding as females of this species must meet the cost of maturation with increased food consumption rather than through energy re-allocation (McGrath & Jackson 2002) . Similar feeding migrations are welldocumented for other Ommastrephid squid (Haimovici et al. 1998 , Perez & O'Dor 1998 , Mokrin et al. 2002 , Nigmatullin et al. 2002 , Watanabe et al. 2004 .
Nototodarus gouldi is the most important cephalopod resource in Australian waters, yet little is known about its ecology and nothing about its movement patterns. The biomass (based on fishery production) of N. gouldi in southeastern Tasmania varies greatly, both within and between years (Willcox et al. 2001) , and movement, possibly in response to environmen-tal conditions, is thought to play a key role in shaping these patterns. Despite this, we have no understanding of the timing and nature of movement between inshore and offshore areas, how N. gouldi utilise the inshore environment, and how they behave with regard to schooling and activity patterns. With the development of electronic tagging systems, these issues can now be addressed with fewer logistical constraints than traditional tag recapture methods.
The use of acoustic tracking systems and archival data loggers has provided valuable insights into migration patterns (e.g. Block et al. 2001 , Comeau et al. 2002 , gene flow and dispersion (e.g. Moran et al. 2003) , habitat preferences and home ranges (e.g. Parsons et al. 2003) , and responses to physical and biological variability (e.g. Brill et al. 2002 , Heupel & Hueter 2002 . However, few studies using this technology have been conducted on cephalopods. Most have focussed on behaviour and energetics over small spatial and temporal scales, employing radioacoustic positioning and telemetry systems (RAPT; O'Dor et al. 1994 , Sauer et al. 1997 , O'Dor 2002 , Aitken et al. 2005 . Larger-scale movement and migration patterns are known to be important processes in cephalopod populations, but are usually implied from analyses of distribution, abundance and biological patterns (e.g. Hatfield & Rodhouse 1994 , Arkhipkin 2000 . There has been very limited tag-recapture work (Nagasawa et al. 1993 , Sauer et al. 2000 , Markaida et al. 2005 , active tracking (Nakamura 1993) or use of archival and pop-up satellite tags (TOPP; www.toppcensus. org).
The aims of this study were to investigate and describe the movement patterns of Nototodarus gouldi in southeastern Tasmania using an automated underwater acoustic tracking system (Vemco). The system comprises compact acoustic receivers, each containing a hydrophone and data recorder, and small tags that transmit a unique acoustic signal (Klimley et al. 1998 , Voegeli et al. 1998 . Receivers moored at specific locations continuously record the presence of any tag that moves into its detection radius, and thus movement pathways and spatial usage patterns can be derived.
MATERIALS AND METHODS
Study site. The study was carried out in Storm Bay and its associated bays, inlets and estuaries (Fig. 1) . Storm Bay is a large shallow basin in southeast Tasmania. It has an area of more than 500 km 2 and a maximum depth of 85 m (Clementson et al. 1989) . The waters are mostly less than 50 m in depth and the bottom primarily sand, with occasional small patches of rocky reef.
Acoustic receivers. Sixty-four VR2 acoustic receivers (Vemco) were deployed within the study area. Each receiver was fastened to a vertical steel pole on a concrete mooring, approximately 1 m above the sea floor. Acoustic release mechanisms (Sub Sea Sonics) were attached to receivers deployed in deep water (> 20 m); otherwise, divers were used for retrieval. Receivers were aligned equidistantly into 'curtains' across the entrances to several water bodies in the study area (Curtains B, C, D, E, F, G, H and I; Fig. 1 ). Receivers at L were not aligned in a single curtain but as 3 short lines perpendicular to the coastline ( Fig. 1 ) and are referred to as 'Array' L. These receivers were originally deployed as part of another study, but are included here because arrow squid detections were recorded on them.
The depths of receivers ranged from 2 to 55 m, and were placed on sand, silt or seagrass, although 1 receiver (E1) was on low profile reef. Receivers were spaced between 725 and 930 m apart within each curtain. Although not range-tested, a detection radius of between 365 and 465 m was required for full curtain coverage.
The receiver network was deployed in October 2002 but due to a lack of availability, squid were not tagged until January 2003. Most receivers were retrieved in early April 2003, although 1 receiver in Curtain H was removed earlier (21 March) after becoming entangled in a fishing net. The receivers in Array L were not retrieved until May 2003 and a receiver in Curtain G was not retrieved until July 2003 due to difficulties in relocating it.
Acoustic transmitters. The transmitters used to tag arrow squid were V8SC-2H coded pingers (Vemco). The cylindrical transmitters are 30 mm in length, 9 mm in diameter, and weigh 3.1 g in water. They each transmit a unique pinging sequence at a frequency of 69 kHz, which is repeated after a random delay of between 20 and 60 s. Battery life was rated at 87 d. Transmitters were activated by soldering together the 2 activation wires and prepared for tagging by gluing a fine 1.10 mm × 38 mm needle across the top of the transmitter. Squid were tagged with the transmitters 2 to 25 d after activation, the delay for some transmitters being due to unexpected difficulty in obtaining squid for tagging. Nototodarus gouldi were scarce and patchy during the 2002/03 summer; individuals were rarely captured at the same location and time as each other (Table 1) . Thus, transmitter batteries were due to expire between 62 and 85 d after actual deployment.
Nototodarus gouldi were caught using jigs on hand lines and immediately placed in a tagging cradle. Dorsal mantle length (ML) was measured to the nearest centimetre and individuals were sexed where possible by noting the presence of hectocotylisation on arm IV. A minimum tagging size of 18 cm ML was set, ensuring the transmitter was less than 2.5% of the total body weight in all individuals (Willcox et al. 2001) .
The transmitter was placed just inside the ventral mantle of the squid, the needle piercing through the mantle to the outside where it was crimped in place and cut off. Silicon washers were used to prevent the transmitter and crimp from abrading the squids' mantle (after O'Dor et al. 1994) . After tagging, squid were injected at the base of the arms with 1 to 2 ml of the antibiotic tetracycline, dissolved to saturation in seawater (approx. 6 mg ml -1 ). Squid were held gently in the water and released when deemed to have recovered sufficiently (when jetting water strongly). Squid were out of the water during the tagging process for less than 1 min.
Analyses. Data were downloaded as text files from the VR2s and then transferred to an MS-Access database. Individual movement tracks were plotted in ArcView 3.2 using the Animal Movement extension point-to-polyline tool (Hooge & Eichenlaub 1997) . Spatial usage was examined by comparing detection data between receivers and curtains. No statistical tests were conducted due to the spatial autocorrelation of the data. The coverage of each curtain was calculated as the proportion of a straight line running along a curtain (through each receiver) that was within detection range, assuming receiver detection radii of 400 m. This is probably a conservative estimate, given that detection ranges have been found to be at least 400 m over a range of depths and habitats (Arendt et al. 2001 , Heupel & Hueter 2001 , Comeau et al. 2002 , Welch et al. 2003 .
Activity patterns were inferred by the number of visit events. A visit event for a particular transmitter was defined as a continuous string of observations at a curtain, where there was no more than 30 min between consecutive observations. Thus, a single visit event could comprise only 1 observation at 1 receiver, or a large number of observations at several receivers within a curtain. Visit event duration was the time between the first and last detection of a visit event, plus 1 min. This ensured that visit events of just 1 observation had a duration of 1 min, the maximum possible time between pulse transmissions. The distribution of visit event durations was highly skewed and could not be normalised by transformation, so the median and median absolute deviation (MAD) (Quinn & Keough 2002) were used as location and spread descriptors. Time, distance and speed (rate of movement) were calculated for movements recorded between nonadjacent receivers. Time was the period between the last detection at one receiver and the first detection at the next non-adjacent receiver. Distance was measured between the positions of the 2 relevant receivers (km and ML specific to the squid in question).
Associations between tagged squid were investigated by arranging all observations into time intervals of (1) 20 and (2) 60 min. Squid were considered to be associated with one another if detected at the same location within the same time interval (i.e. a paired or group detection).
RESULTS

Acoustic receivers and transmitters
Twenty-three Nototodarus gouldi were tagged with transmitters and released over a 4 wk period between mid-January and early February 2003 (Table 1 ). All squid were released within the northern part of Storm Bay (between Curtains F, G and H), except for 2 that were released near the mouth of the Derwent River, north of Curtain F. Of the tagged squid, 8 were female, 8 were male, and sex was not determined for 7. They ranged in size between 18 and 25 cm ML and all appeared to recover rapidly from the tagging procedure.
Two of the receivers in Curtain E and one in Array L were not recovered due to detachment from their moorings. Another receiver, in Curtain G, was recovered but had been irretrievably damaged, so effectively a maximum of 60 receivers were present at any stage during the study and this number declined as the study progressed (Fig. 2) . One receiver had a memory failure while deployed (Curtain F), and for 2 others, the data did not download completely after retrieval (Curtain G). Thus, the end date for these 3 receivers is not the retrieval date, but rather the date of the last recorded detection (F: 23 January, G: 22 January and 25 February).
Overlap of receiver ranges was evident for Curtains F, G and H, as some transmitter signals were detected at the same time at adjacent receivers within these curtains. Despite this, the loss and failure of receivers in Curtains E, F and G means they could not have full coverage for at least some of the study duration.
Detections
Twelve of the tagged squid (52%) were detected at least once during the study (Table 2 ). This group comprised 5 females, 4 males and 3 of unknown sex. They ranged in size from 19 to 25 cm, thus reflecting the size structure and sex ratio of the tagged sample (see Table 1 ). Neither the release date nor the location of release appeared to have any bearing on whether a squid was detected or not.
Each of the 12 detected squid accounted for between 23 and 1832 observations (Table 2) , representing between 1 and 24 visit events. Squid were first detected either on the day they were released or up to 17 d later ( Table 2 ). The number of separate days on which individual squid were detected ranged between 1 and 11 d, over periods of 2 to 37 d (i.e. from the date of release to the date of last detection). There were no detections recorded after 5 March 2003 (Fig. 2) , despite the fact that more than 50 receivers were present in the study area until the end of March and transmitter batteries should not have expired until early April. 
General movement patterns
Of the 12 tracked squid, 8 were detected at least once at Curtain G at the entrance to Storm Bay, and for each of these squid, Curtain G was also the site of their final detection (Table 3 , Fig. 3 ). There was no consistent pattern of movement by squid prior to their final detection at Curtain G. Five of the squid detected at Curtain G did not visit any other curtain (Transmitters 63, 64, 71, 79 and 87; Fig. 3) . After being tagged, these 5 squid took between 1 and 17 d to travel to Curtain G, where they were detected on 1 d only, and never again. The other 3 squid detected at Curtain G (Transmitters 62, 69 and 84) first spent time around Curtains D, E, and F, arriving at Curtain G between 23 and 36 d after being tagged and released (Table 3 ). The date of final detection at Curtain G varied widely, ranging from 18 January to 5 March (Table 3) .
Four transmitters were not detected at Curtain G at any stage; instead, these squid moved further inshore/ upstream from their tag and release point. Only one of these squid (Transmitter 81) did not at any stage move into Storm Bay; instead, all detections were recorded within the Derwent Estuary. Transmitter 73 was detected for the first and last time at Curtain H, and Transmitters 75 and 78 at Curtain F (Table 3, Fig. 3) .
Only 1 squid (Transmitter 62) was detected at the entrance to the D'Entrecasteaux Channel (Curtain D). It was detected later that same day at Curtain F, suggesting that if it indeed had moved into the Channel, it did not travel far or spend long there. A squid detected at Curtain H (Transmitter 73) was there for approximately 3.5 h, but as it was not detected again, it is impossible to determine whether it continued into Frederick Henry Bay or moved back into Storm Bay.
Spatial usage
Tagged squid were detected at 6 of the 9 curtains (Table 4 ). There were no observations recorded at Curtains B, C or I, indicating that the tagged squid did not move down the D'Entrecasteaux Channel, or into Norfolk Bay. The 3 most visited curtains, in terms of number of tagged squid and number of observations, were G, F and E, which were also the curtains with the poorest coverage due to missing or failed receivers (Table 4) . Most squid visited few receivers within a curtain (Table 2) ; however, the particular receivers visited varied among squid and thus, transmitters were detected at at least two-thirds of the active receivers within each curtain (excluding Curtains D and H which only detected 1 transmitter each; Table 4 ). Observations were recorded at receivers covering a wide range of depths (2 to > 50 m) and distances from the shoreline (0.6 to >10 km).
Receivers that recorded observations were generally spread across the curtains; however, the number of observations recorded and transmitters detected varied greatly among receivers within curtains. Two adjacent receivers in both Curtains E and F recorded the most observations of all receivers, and several squid returned to these same receivers after spending time elsewhere (Fig. 3) . The other active receivers in these curtains had comparatively few or no observations. There were no particular receivers that dominated Curtain G in terms of the number of observations recorded, although squid were not detected at the receivers closest to the shore of the Tasman Peninsula and Bruny Island.
Activity patterns
The duration of visit events was highly skewed, with 30% of visit events only 1 min in length (the minimum possible visit event duration by definition), and 70% less than 1 h. This suggests that squid were either often near the detection limit of receivers, or that they were passing through a narrow area of overlap. (Table 4) . Over all receivers in all curtains except Curtain G, 87% of visit events occurred in the first 10 d after an individual was tagged and released (Table 4) . At Curtain G, however, the majority of transmitters were detected after at least 10 d at liberty, and these detections tended to be towards the end of the study, regardless of the date of tag and release (Table 3) . At Curtain G, 80% of visit events occurred more than 30 d after the start of the study.
The number of visit events detected varied throughout the day without any clear pattern associated with photoperiod. The median duration per visit event, however, was highly variable after sunset and before sunrise (21:00 till 06:00 h) and relatively low during daylight hours (Fig. 4) .
There were 19 trips between non-adjacent receivers by 6 of the detected squid. The longest distance travelled between consecutive receiver detections was 28.6 km, although half of the distances travelled were less than 3.5 km (Table 5) . Sixty-eight percent of the trips were less than 2 d in duration, although they ranged up to 12. . Shorter distances had more variable speeds, while trips of 10 km or more never had speeds greater than 0.12 m s -1 or 0.5 ML s -1 (Table 5) . Only 2 transmitters were detected at the same receiver within the same 20 min time interval. Transmitters 75 and 78 were both detected over a 2 h period at Curtain F, less than 1 h after being tagged. They both remained in the general area of Curtains E, F and Array L for a further 8 d; however, the only time during this period that they were both detected within the same 20 min time interval, they were at different curtains, at least 10 km apart (Table 3) . No other pairs or groups of transmitters were detected at the same receiver in the same time interval, even when the time interval was increased to 60 min. However, Transmitters 64 and 79 were detected at different receivers in Curtain G on 4 February, the day after they were both tagged (Table 3) . These 2 pairs of transmitters (75 and 78, and 64 and 79) were the only squid detected together throughout the study. In both cases, they were squid tagged and released together. Other groups of squid were tagged and released together but they were not detected during the study (e.g. Transmitters 68 and 86, January 10 11 
DISCUSSION
A significant finding of this research relates to the implied movement of individuals away from the study area. Two-thirds of the tracked squid were last detected at Curtain G, across the entrance to Storm Bay. Although the design of the receiver network precludes determination of the movement direction (see below), the fact that receivers and transmitters were active for an extensive period after the final detections at Curtain G supports the notion that the squid moved out of the study area to other coastal or deeper shelf waters. It is possible that other tagged squid may have moved out of the study area without being detected. Three receivers failed while deployed within Curtain G and it is possible that gaps may have existed elsewhere. Without extensive range testing, we cannot be certain of the precise level of curtain coverage during the study. However, with an assumed detection range of 400 m, extrapolation of the numbers of squid observed moving through Curtain G to that expected with complete coverage would account for just 1 or 2 of the undetected squid. Those squid that were never detected most likely remained within the Table 4 . Nototodarus gouldi. For each curtain, the number of tagged squid (i.e. transmitters) detected, observations recorded, the number of receivers with observations/the maximum number of active receivers, the proportion of coverage by the curtain (assuming a 400 m detection radius), the number of visit events and median visit duration (h), with median absolute deviation (MAD) in parentheses. The coverage for Curtains F and G is a range as some receivers did not function for the full duration of the study confines of Storm Bay, never moving into the detection range of Curtains F, H or G, or were subject to posttagging mortality or tag loss. It is difficult to interpret the relationship between individual movements out of the study area and the dynamics of the whole population as the year of the study was a poor one for Nototodarus gouldi in southern Tasmania. The available biomass was very low and as such, there was little commercial fishing, with catches of just 2 t taken in 2002/03, the lowest catch in 10 yr (Lyle 2003). Without commercial fishery or survey data, we cannot relate the observed movement patterns to the distribution and persistence of the population in Storm Bay over the study period. However, the timing of movement out of Storm Bay seen in this study is consistent with that evidenced by the fishery in previous years (1998/99, 1999/00, 2000/01) , for which considerable data are available (Willcox et al. 2001 ). In general, commercial catches declined through February, and were very small by March. The movement of tagged squid in our study suggests that this decline in catch may be consistent with squid leaving the Storm Bay area, with most tagged individuals moving to the outer curtain (G) during February.
Movement out of the study area was not in any way synchronous, with individuals apparently leaving over an extended time period, suggesting a dynamic population whose composition changes throughout the inshore summer season. Although the movement dynamics may differ during periods of high abundance (as the variables influencing the abundance may also affect the population level patterns of residency), the patterns seen during this study have important implications from a fishery and ecosystem management perspective as it suggests that the decline in commercial catches in late summer is not entirely due to localised fishing effects, but is influenced by emigration too. The complexity of separating the effects of migration from the effects of commercial catches adds to the difficulty of assessing the resource (Basson et al. 1996) .
There was no evidence of tagged squid moving from Storm Bay or the Derwent Estuary into the D'Entrecasteaux Channel. Nototodarus gouldi are known to utilise the Channel, having been caught in large numbers by recreational fishers in previous years (e.g. 1999/00; J. M. Lyle pers obs.), and the connectivity of these areas is of particular interest as the Channel is closed to commercial fishing and is perceived as a ) of travel recorded between non-adjacent receivers 'refuge' area, particularly in years of high fishing intensity. Our data suggest that either there was limited mixing of N. gouldi between the Channel and its adjacent waters (the Derwent Estuary and Storm Bay), or that the mixing was primarily unidirectional, with the Channel acting as a passageway for squid into the adjacent inshore waters, but not vice versa. Alternatively, N. gouldi may not have utilised the Channel at all during the study. Unfortunately, we have no information on the availability of N. gouldi in the D'Entrecasteaux Channel during the study period, nor on the connectivity of these water bodies in years when the biomass was high. Again, it is feasible that factors influencing the low inshore biomass may have also affected the patterns of residency in the study area. The environmental and/or prey conditions may only have been suitable in some areas, and not in the Channel during the study. Alternatively, it may be simply that sample sizes were insufficient to detect movement into all areas.
Nototodarus gouldi made use of a large part of the remaining study area, with several individuals moving extensively between curtains in the Derwent Estuary and Storm Bay. Some individual receivers in the lower Derwent Estuary region had notably more detections from more tagged squid, implying that they may have been within a passageway or frequently used route between the Derwent River and Storm Bay, or may have been desirable areas for other reasons, such as concentration of prey. These observations may have been influenced by the tag and release position, though it was noted that several individuals returned to these same receivers on multiple occasions. Further research coupling N. gouldi movement and spatial usage to small-scale environmental conditions, particularly prey density (e.g. Reid & Hindell 2000 , Heupel & Hueter 2002 would be of value, particularly if conducted over seasons of contrasting abundances.
Rates of movement varied greatly, particularly over short distances. Half the trips measured were less than 0.5 ML s -1 and approximately 80% were less than 1.5 ML s -1 . In general, speeds greater than this (including the maximum calculated, 7.8 ML s -1 ) were between receivers placed less than 2 km apart and were, therefore, greatly influenced by the fact that the calculations do not take into account the detection radius of each receiver. If the detection radius is, for example, 500 m, the difference in the distance between the transmitters when detected and that estimated by receiver placements could be up to 1 km, which has significant influence on straight-line speeds calculated over short distances.
Rates of movement calculated over 10 km or more ranged from 0.09 to 0.52 ML s -1 ; however, there was 1 instance of an average speed of 3.6 ML s -1 over 9.3 km by Transmitter 79 moving between receivers G10 and G20. This movement was clearly not straightline as the squid was not detected at the receivers in-between and is, therefore, a minimum. Maximum speeds of another ommastrephid squid, Ommastrephes bartramii, determined by active tracking, were only 0.5 ML s -1 while on spawning grounds (Nakamura 1993) and 0.8 ML s -1 when migrating to the spawning grounds (Yoshida et al. 1990) , whereas tag recapture studies of Todarodes pacificus recorded travelling at speeds of up to 2.14 m s -1 (Araya 1967 cited in Nagasawa et al. 1993) . Assuming a maximum ML of 50 cm (Roper et al. 1984) , this is equivalent to 4.3 ML s -1
. High-speed travel is clearly feasible for squid, although actual swimming speed may be quite different to observed movement rates due to the influence of water movements (e.g. currents). We also cannot rule out the fact that tagged squid may have been preyed upon, and the observed speeds were those of a larger predator not the squid.
Sonar and echo sounding surveys of Nototodarus gouldi have shown that they form dense aggregations close to the sea floor during the day and disperse throughout the water column at night (Evans 1986). However, on only 1 occasion in this study were more than 2 individuals caught at the same time and place. Either our catchability was extremely poor, or the squid were not forming large daytime aggregations in the study area; it may be that the numbers of N. gouldi during the study were below some 'threshold' for schooling behaviour. There was little evidence of positive association among individuals tagged and released together. Only a small number of individuals released in 'groups' were subsequently detected, and rarely together, except shortly after release. There was no evidence that they remained together further into the study. A lack of group fidelity throughout the study may be due to new aggregations being formed each day after nighttime dispersion. While it seems likely that squid might be found in the same region at the same time in response to external variables such as prey concentration, we would not necessarily expect them to move together over the course of the study. Sample sizes were simply too small and this study not designed to maximise information regarding such behavioural patterns; however, the potential of the automated VR2 system for elucidating school structure and behaviour is recognised.
There was no clear relationship between photoperiod (time of day) and activity inferred by the number of visit events, though the duration of visits was generally greater and far more variable during the evening than during the day. Research suggests that Nototodarus gouldi are more active and feed more during the night compared to day (O'Sullivan & Cullen 1983 , Nowara & Walker 1998 . However, these results are confounded by the use of commercial jig boats with light attractants to obtain samples. Diurnal feeding behaviour is variable among other ommastrephid species, but it appears that they are active hunters during both the day and night, with several feeding peaks, depending on the diurnal behaviour of the prey (Haimovici et al. 1998 , Quetglas et al. 1999 , Laptikhovsky 2002 . Variability in the duration of evening visits in this study might be explained by a combination of periods of low activity as individuals remain in an area to feed or rest, set against short visit durations indicative of active movement into and out of the range of receivers, perhaps as the squid search for prey.
The use of the automated acoustic tracking system has provided new insight into the movement and activity dynamics of the inshore Nototodarus gouldi population in southeastern Tasmania. Future research could benefit from larger samples sizes (feasible given the relatively low cost of transmitters compared to other electronic tag types), and being able to couple the individual movement data to population distribution and abundance data. The design of the receiver network in this study made it difficult to determine direction of movement, or indeed whether the tagged animal actually crossed through a curtain, unless it was subsequently detected at another curtain. In future studies, where understanding directionality is important, it could be more suitable to have double curtains, or to at least stagger the placement of receivers in a zigzag design along the line of the curtain. This would have the added benefit of reducing the size of gaps created by lost or failed receivers.
